Real-time detection of CO by eukaryotic cells  by Bohrn, U. et al.
Available online at www.sciencedirect.com
Procedia Engineering  00 (2010) 000–000 
Procedia 
Engineering 
www.elsevier.com/locate/procedia
Proc. Eurosensors XXIV, September 5-8, 2010, Linz, Austria 
Real-time detection of CO by eukaryotic cells 
U. Bohrna,c,*, E. Stütza, M. Fleischera, M. Schöningb, P. Wagnerc
aSiemens AG, Corporate Research and Technologies,Otto-Hahn-Ring 6, 81739 Munich, Germany 
b Insitute for Nano and Biotechnologies (INB), Aachen University of Applied Sciences, Ginsterweg 1, 52428 Jülich, Germany  
c Institute for Material Research IMO/IMOMEC, University Hasselt, Wetenschapspark 1, 3590 Diepenbeek, Belgium 
Abstract 
In this contribution, we focus on the detection of toxic gases with living eukaryotic cells. A cell-based gas sensor system, able to 
measure the effects of direct exposure of gases to cells in real-time, was set up. Impedance data as well as oxygen consumption 
of Chinese hamster lung fibroblast cells (V79) were analysed upon exposure to carbon monoxide (CO). The CO (diluted in wet 
synthetic air) affects the cell respiration as indicated by an attenuated respiration signal after the CO exposure as well as an 
instant increase of the capacitive part of the impedance signal during the gas exposure. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
In recent years various types of biosensors using microorganisms or living cells have been developed as a 
technique to assess the general toxicities of harmful substances [1, 2]. Cell-based sensors employ whole live cells as 
the molecular recognition element. Live cells contain many highly evolved biochemical pathways, which provide 
sensitivity to a wide range of chemical stimuli. Many of these biosensors are, however, designed to detect toxic 
substances in liquids [3, 4]. Only a few systems are able to work directly in the gas phase [5, 6]. However, most of 
these systems are based on common single end-point assay which only detect very specific cellular changes and do 
not give information on biokinetics. Nowadays, the question concerning the role of environmental gaseous 
compounds and their health risk is gaining more and more importance as exposure to airborne contaminants is 
significantly associated with human health risks [7]. 
The aim of this study was to investigate the in vitro cytotoxicity of gaseous pollutants to mammalian lung cells.  
As a proof-of-principle, we show first results using increasing concentrations of carbon monoxide in the range down 
to the TLV (threshold limit value, 30 ppm CO). Carbon monoxide is a gas produced by the incomplete combustion 
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of hydrocarbons. It is toxic for cellular respiration, altering the mitochondrial respiratory chain at the cytochrome c 
oxidase level (decrease of enzyme activity) [8]. 
2. Experimental 
Based on the Bionas® 2500 Analyzing System, an appropriate gas exposure device was developed to expose the 
cells, cultivated on the Micronas® metabolic chip SC 1000 (chip area: 70.88 mm²). The chip measures three 
parameters of the cells: cell impedance (defining the cell adhesion/morphology), oxygen consumption (cell 
respiration) and acidification (cellular metabolic activity). Chinese hamster lung fibroblasts (V79) were seeded on 
the metabolic chips in a density of 105 cells/chip and cultivated in DMEM growth medium (supplemented with 10% 
fetal calf serum) for 24 h at 37°C in humidified atmosphere with 5% CO2 until they reached a confluent cell 
monolayer (Fig. 1(a)). Before each exposure experiment all sensor chips were examined microscopically for 
confluence of the cell layer and sensor chips with inhomogeneous cell growth were sorted out. One hour before 
placing the chips into the Bionas System device, growth medium was replaced by pre-warmed running medium 
(DMEM containing 1 mM HEPES buffer and 1% fetal calf serum).  
Inside the Bionas System cells on the chips are constantly supplied with fresh running medium in a stop-go 
modus at least for three hours prior to the exposure of gas to adapt the cells to the flux in the fluidic system. 
Measurements were performed under thermostatic (37°C ± 0.1°C) conditions. Instantaneously before the gas 
exposure, the fluidic head of the Bionas device was lifted up and the peristaltic pump was stopped. The culture 
medium supernatant in the reservoir above the cell layer (approximately 120 μL) was removed gently with a 
peristaltic pump at low flow rate (0.5 mL/min). A T-shaped gas exposure device (Fig. 1(b)) was plugged on the 
metabolic chip by a gas-tight silicone tube and direct gas exposure started. Via the gas inlet, wet synthetic air (80% 
N2, 20% O2, ~60% relative humidity (r.h.), 27-37°C) was flushed through the device and streamed over the adherent 
cells on the chip surface to minimize the shear forces of the gas (gas flow rate: 1000 mL/min).  
Directly after the gas exposure (exposure duration: 10 min) the gas exposure device was unplugged and 150 μL 
of pre-warmed running medium were added to the cells on the chip for the termination of the measurement. The 
fluidic head was replaced into the chip and the stop-go flow of fresh running medium was started again. At the end 
of each measurement, the cells were detached of the sensor chip surface by the non-ionic detergent Triton X-100 to 
return to the baseline of the cell-free sensor. After the chips were used it was necessary to clean them and ensure that 
they were sterile for cell culture again. 
Fig. 1. (a) Monolayer of V79 cells (Chinese hamster lung fibroblasts) covering the impedance sensor of the metabolic chip SC 1000 (Micronas). 
Scale bar represents 150 μm. (b) Schematic cross section of the gas exposure device plugged on the metabolic chip SC 1000.
(a) (b) 
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3. Results and Discussion 
The Bionas® 2500 Analyzing System was adapted for dynamic delivery and exposure of airborne contaminants to 
mammalian cells. During the whole experiment, the system detects the three crucial physiological parameters cell 
adhesion/morphology, cell respiration and cellular metabolic activity [9]. Exposures towards wet synthetic air can be 
carried out for a period of 10 minutes without significant loss of cell viability (gas flow rate: 1000 mL/min; relative 
humidity: 60-65%).  
The capacitive part (as well as the resistive part) of the impedance signal is monitored over the whole experiment. 
Impedance values were taken every 10 seconds. The capacitive part changed due to the morphologic reaction of the 
Chinese hamster lung fibroblast cells to the contact with carbon monoxide enriched synthetic air. Exposure to wet 
synthetic air without CO is used as a reference signal. Concentration dependent increase of the impedance can be 
observed (Fig. 2(a)). At the end of the gas exposure, terminated by the addition of fresh running medium, the 
impedance signal decreases within a few minutes to the baseline again. Hence the cells are still attached to the chip 
surface.  
The oxygen consumption, which is measured with Clark-type electrodes on the metabolic chip, is used as a 
parameter for the cellular respiration, is calculated out of the slope of the measured current value during the stop-
phase. Immediately after the gas exposure, respiration of the cells is decreased. The data shown in Fig. 2(b) are 
normalized to 100% signal size at the end of the stabilization phase. As a result of the inhibition of the 
mitochondrial respiratory chain by carbon monoxide, a lag phase of recovery is required to reach the same 
respiratory rate as before the gas exposure. With an increase in the CO concentration, an increase in the duration of 
the lag phase can be observed (Fig. 2(b)). After an exposure to 90 ppm CO, the respiration is permanently decreased 
and cannot reach the level of the control. 
The metabolic activity of the adherent cells which is expressed as the acidification of the surrounding medium, 
measured by pH-sensitive field effect transistors on the chip, does not change specifically by the gas exposure 
(figure not shown). This indicates that the cells on the chip survived without a consistent loss in cellular metabolic 
activity.  
Fig. 2. (a) Impedance changes (raw data) due to the exposure of synthetic air and carbon monoxide for 10 minutes. The continuous measurements 
were done in parallel. Black curve describes control measurement without gas exposure. Gas exposures were done one after another (52 min: start 
0 ppm CO; 83 min: start 30 ppm CO; 136 min: start 90 ppm CO). Upwards arrows indicate the removal of the medium and the start of the gas 
exposure. Downward arrows indicate the end of gas exposure and the addition of medium. (b) Changes of oxygen consumption (normalized data) 
due to the exposure of synthetic air and carbon monoxide for 10 minutes. The continuous measurements were done in parallel. Gas exposures 
were done one after another (52 min: start 0 ppm CO; 83 min: start 30 ppm CO; 136 min: start 90 ppm CO).
(a) (b) 
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4. Conclusion 
Several methods had been developed to expose cells to gases, sometime dissolved in liquid medium, and measure 
the toxicity that results thereof [10, 11]. The method presented here using real-time monitoring of cell adhesion 
provides a direct vision with quantitative and meaningful information that reflects the ongoing process of gas 
mediated cytotoxification. Cell lines, able to survive for short time at a gas phase without a major loss of cell 
viability, are appropriate for the use as a sensitive layer in gas toxicity research. There is an increasing trend towards 
the development of impedimetric biosensors and designing cell sensor arrays for toxic and drug detection.  
It must be emphasized that single cell analysis is not intended. The signals are averaged from cell populations 
growing on the chip. To the best of our knowledge, this is the first reported monitoring of gas cytotoxicity of 
mammalian cells in a real-time, label-free, non-optical and non-invasive manner. This sensor system can be 
considered as a first step towards a universal, living cell based monitor of gas toxicity. Further studies will be 
directed towards determining the mechanism behind the adhesion changes of cells in gaseous phases.
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